We present the distribution and kinematics of the molecular gas in the circumnuclear disk (CND, 400 pc × 200 pc) of Centaurus A with resolutions of ∼5 pc (0. 3) and shed light onto the mechanism feeding the Active Galactic Nucleus (AGN) using CO(3-2), HCO + (4-3), HCN(4-3), and CO(6-5) observations obtained with ALMA. Multiple filaments or streamers of tens to a hundred parsec scale exist within the CND, which form a ring-like structure with an unprojected diameter of 9 × 6 (162 pc × 108 pc) and a position angle P A 155
Introduction
Active Galactic Nuclei (AGNs) are thought to be powered by accretion onto Super Massive Black Holes (SMBHs) and their luminosities require large mass accretion rates. However, a crucial outstanding problem is to identify the mechanisms that drive gas from external regions toward the nuclei of these galaxies, removing its angular momentum in order to trigger nuclear activity and feed the SMBHs that reside there. On the other hand, AGNs will have an effect on the surrounding molecular gas, from positive feedback such as gas compressed by jets or winds to negative feedback where outflows also drive gas away from the nuclear region (for reviews see Fabian 2012; King & Pounds 2015) .
In powerful radio-galaxies the properties of the circumnuclear gas from hundreds of parsec scale down to the accretion disk are this far poorly understood. Their luminosities, which may exceed 10 46 erg s −1 , require mass accretion rates of > 1 M yr −1 . Radio galaxies are radio-loud active galaxies, usually of elliptical type. Their large scale synchrotron jets are presumably powered by the accretion of gas onto SMBHs, which are fueled by reservoirs of neutral and ionized gas in the host galaxy. Some of these radio galaxies possess dust lanes containing large amounts of material comprising different gas phases of the interstellar medium (e.g. Allen et al. 2002) . Powerful radio sources are rare in the local Universe, and thus the lack of high resolution observations have so far inhibited studies of the properties of the molecular gas in their nuclear regions. Shlosman et al. (1989) proposed that funneling gas to the centers of galaxies may occur from large to small scales by successive dynamical instabilities, also known as the bars within bars mechanism, in which a primary bar may drive the gas inwards forming a circumnuclear disk which then becomes unstable again to form a decoupled nuclear bar. Although many observational and numerical studies of spiral galaxies have been carried out (e.g. Pfenniger & Norman 1990; Friedli & Martinet 1993; Jungwiert et al. 1997; Englmaier & Shlosman 2004 ), a similar scenario may also be present in elliptical galaxies, where material accreted from external sources is not supported rotationally. This gas would go into Keplerian orbits close to the center and may form a gaseous bar which funnels gas to radii close to their SMBHs (Shlosman et al. 1989) .
Centaurus A (Cen A) is a radio source associated with the giant elliptical NGC 5128 at a distance of only D 3.8 Mpc (Harris et al. 2010 , where 1 = 18 pc). Although characterized by a more modest bolometric luminosity (∼ 2 × 10 43 erg s −1 , Israel 1998) and accretion rate (Ṁ Bondi = 6.4 × 10 −4 M yr −1 and a Bondi efficiency of ∼ 0.23%, Evans et al. 2004 ) than other powerful radio-galaxies, it is by far the nearest and possibly best studied one (for reviews, see Israel 1998; Morganti 2010) . Because of its proximity it is the best target among the class of powerful radio galaxies for detailed studies of the feeding mechanisms of an active galactic nucleus (AGN) and feedback on the surrounding molecular gas. Centaurus A represents a particularly interesting case of an elliptical galaxy that was replenished recently (a few 10 8 yr) by gas from an external source (e.g. Struve et al. 2010) .
Projected toward the inner several hundred parsec of Cen A, the following components have been identified (see Fig. 1 ): i) Molecular gas at large radii (> 1 kpc) as traced by CO transitions (e.g. Phillips et al. 1987; Eckart et al. 1990; Rydbeck et al. 1993; Liszt 2001; Espada et al. 2009 ) and corresponding to kpc scale spiral features (Espada et al. 2012 ). This component is associated with the dust lane and is seen to be coextensive with other components of the interstellar medium, such as Hα (e.g. Nicholson et al. 1992) , near infrarred (Quillen et al. 1993) , submillimeter continuum (e.g. Hawarden et al. 1993; Leeuw et al. 2002) , and mid-IR continuum emission (e.g. Mirabel et al. 1999; Quillen et al. 2006) ; ii) A circumnuclear gaseous disk (CND) or torus of ∼ 400 pc extent (∼ 24 ) and a position angle P A = 155
• , perpendicular to the inner jet, at least in projection (Espada et al. 2009 ) (see Fig. 1a ). The estimated total gas mass in this component is 8.4 × 10 7 M (Israel et al. 2014) . The CO emission line is brightest at the edges of the disk at the NW and SE of the AGN, and Espada et al. (2009) reported a possible gap of CO(2-1) emission in the inner r < 80 pc (see also Fig. 1a ). ALMA science verification CO(2-1) observations, also with tens of parsec resolution showed similar results (Espada 2013) ; iii) A nuclear disk (∼ 40 pc diameter, or 2 ) containing ionized and molecular gas presumably feeding the nuclear massive object (e.g. Marconi et al. 2001 Marconi et al. , 2006 ). While ionized gas shows an elongated distribution along the jet and is likely related to it, the molecular hydrogen as traced by H 2 (J=1-0) S(1) seems to be mostly unperturbed within an irregular nuclear disk-like structure (see Fig. 1b) , and with an S-shaped velocity field (Neumayer et al. 2007 ); and iv) Absorption lines toward the continuum source detected in H I (e.g. Roberts 1970; van der Hulst et al. 1983; Sarma et al. 2002; Espada et al. 2010 ) and molecular lines (e.g. Israel et al. 1990; Wiklind & Combes 1997; Eckart et al. 1999; Espada et al. 2010) .
A fundamental question regarding this object, though, is how the gas in the nuclear disk at parsec scales is replenished by molecular gas in the CND. Previous CO(2-1) observations seemed to indicate that there was a lack of emission (Fig. 1, Espada et al. 2009 ), which suggested a lack of molecular gas in the center or a sudden change in the physical properties of the gas. Historically observing the higher transitions of CO or other dense gas tracers has been very challenging technically, and the problem is compounded for Cen A due to its location in the southern sky (Dec = -42
• ). ALMA finally provides the missing data, and in this Paper we present CO(3-2), HCO + (4-3), HCN(4-3), and CO(6-5) emission line maps with 5 pc resolution towards the CND. These form an excellent suite of transition lines to probe the warm and dense molecular gas. The critical densities of CO(3-2), HCO + (4-3), and HCN(4-3) are 8.4 × 10 3 cm −3 , 1.0 × 10 6 cm −3 , 1.8 × 10 6 cm −3 , and 8.5 × 10 6 cm −3 , respectively.
The paper is organized as follows: We introduce our ALMA observations and data reduction in § 2. In § 3 we focus on the identification of the different components, answer whether there is a gap in the molecular gas, and study their major physical properties. We interpret these results in order to shed light on the following questions: i) what are the mechanisms that drive the gas from kiloparsec to parsec scales (in § 4) , ii) what is the geometry between the CND and the jet (in § 5), iii) how do the molecular gas properties of the CND compare to those in numerical simulations of the multi-phase ISM around SMBHs (in § 6), and iv) with our molecular line maps at hand, what are the chemical properties of the molecular gas close to the AGN (in § 7). Finally we summarize our results in § 8.
Observations and Data Reduction
We present single pointing observations towards the center of the molecular CND of Cen A, observed as part of project 2012.1.00225.S (PI D. Espada). The chosen angular resolution was ∼0. 3 (5 pc) for the band 7 and 9 observations. The angular resolution obtained in band 7 and 9 is almost a factor of a hundred better in area than the resolution obtained in previous SMA or ALMA CO(2-1) maps (Espada et al. 2009 (Espada et al. , 2012 (Espada et al. , 2013 , and comparable to the warm H 2 map resolution (2 pc) by Neumayer et al. (2007) using VLT/SINFONI.
Observations took place in 2014 July and April for the band 7 and 9 observations, with 33 and 34 antennas, respectively, and unprojected baseline lengths spanning 20 -650 m and 20 -558 m. The maximum angular scale (defined as 0.6λ/L min where λ is the wavelength and L min the minimum baseline) for which we recover most of the flux is 5 (90 pc) for band 7, and 3 (54 pc) for band 9, respectively.
The CO(3-2) (ν rest = 345.796 GHz) emission line was observed in the lower sideband simultaneously with HCO + (4-3) (ν rest = 356.734 GHz) and HCN(4-3) (ν rest = 354.505 GHz) in the upper sideband. CO(6-5) (ν rest = 691.473 GHz) was also observed in the lower side band simultaneously with HCN(8-7) (ν rest = 708.877 GHz), but the latter was not detected in emission. One execution of 2 hours was carried out in band 7, and three executions of 2 hours each for Band 9 in different Local Sidereal Time (LST) ranges. The set-ups of our interferometric observations are summarized in Table 1 . The systemic velocity of Cen A is V sys = 541.6 km s −1 ).
The field of view is characterized by a Half Power Beam Width (HPBW) for the primary beam of an ALMA 12m antenna of 16. 9 (304 pc) in band 7 and 8. 4 (151 pc) in band 9. The bandwidth chosen was 937.5 MHz for band 7 and 1.875 GHz for band 9 ( both corresponding to ∼800 km s −1 ), and the channel width of 244 kHz and 488 kHz for spectral windows at bands 7 and 9 (or ∼ 0.4 km s −1 ), respectively. Enough line-free channels are present to subtract the continuum emission.
The CASA package (McMullin et al. 2007 ) was used for data reduction. The CASA version used was 4.2.1 (r29048). Each execution was calibrated separately by the East Asian ALMA Regional Center (EA-ARC) and followed the standard ALMA calibration scheme. A priori calibration tables were created for Water Vapor Radiometer phase correction and atmospheric calibration. Then bandpass, gain (amplitude, phase), and flux calibrations were applied. Titan and 3C279 were chosen for absolute flux and bandpass calibration, respectively. An initial gain calibration was performed using J1321-4342 or J1427-4206, at angular distances of 1
• and 11
• from the target. Selfcalibration was then done by us in phase and amplitude using the bright and compact continuum source of Cen A, and only using line-free channels.
The fluxes obtained in band 7 at 345.6 GHz on 2014 July 7 were 6.46 Jy for 3C279 and 2.42 Jy for J1427-4206. This is in very good agreement with fluxes in the ALMA source catalogue database at similar dates: at 343.48 GHz the fluxes were 6.60 Jy for 3C279 and 2.38 Jy for 1427-4206, on 2014 July 6 and June 30, respectively. The fluxes obtained in band 9 at 691.1 GHz on 2014 April 14 were 4.5 Jy for 3C279 and 2.3 Jy for J1427-4206, and all three executions show similar results. These fluxes are also consistent with the measurements in the ALMA source catalogue in that band (691.1 GHz) on 2014 25 April, 4.35-4.99 Jy for 3C279, and 1.96 Jy for J1427-4206. Note that J1321-4342 was not monitored as frequently by the ALMA project and it is therefore not useful for a comparison. We thus estimate absolute flux uncertainties of the order of 5% for band 7 and 10-20% for band 9.
Once calibration for each dataset was completed, we concatenated all executions and proceeded to imaging also using CASA with task CLEAN. First, we imaged the continuum emission using line-free channels. We cleaned the continuum image using the multi frequency synthesis technique (MFS), and using the weighting scheme Briggs with a robust parameter 0.5. The obtained noise levels are 2.2 mJy/beam and 16.6 mJy/beam for the 350 and 698 GHz continuum maps, respectively. To image the emission lines, and prior to the cleaning, we used task UVCONTSUB to substract the continuum using as baseline the linefree channels and an order of 1 in the fitting polynomial function. Since the continuum emission is so strong in this source, we paid special attention that continuum subtraction was done correctly by checking for possible artifacts in the linefree channels. The weighting scheme for imaging of the lines we used was also Briggs and robust parameter 0.5. In the channel maps we binned the data to 10 km s −1 , which is enough to resolve spectrally the ∼400 km s −1 velocity width of the circumnuclear gas. Note that velocities are expressed throughout this paper with respect to the kinematic Local Standard of Rest (LSRK) using the radio convention.
The angular resolution expressed as the Full Width at Half Maximum (FWHM) is 0. 36 × 0. 29 (6.5 × 5.2 pc) with a major axis P A = 70
• in our band 7 observations, and 0. 23 × 0. 16 (4.1 × 2.9 pc) with a major axis P A = 48
• in our band 9 observations. The mean rms noise levels are 1.3 mJy beam −1 and 5.8 mJy beam −1 for the Briggs weighted band 7 and band 9 channel maps with a channel width of 10 km s −1 . The channel maps presentation was conducted in MIRIAD (Sault et al. 1995) . The task IMMOMENTS in CASA was used to calculate the integrated intensity maps, intensity-weighted velocity field and velocity dispersion distributions (the latter two clipped at 5 times the rms noise).
Results
We present in this section the results obtained from the 350 and 698 GHz continuum maps, as well as CO(3-2), HCO + (4-3), HCN(4-3), and CO(6-5) emission spectral line maps.
350 and 698 GHz Continuum Emission
The continuum emission was found to be unresolved at 350 GHz and 698 GHz. The peak coordinates for the 350 GHz and 698 GHz continuum maps were calculated using a two dimensional fit and are very close to each other. To our angular resolution, the 350 GHz and 698 GHz peaks are identical and located at RA : 13 h 25 m 27. s 615, Dec: -43
• 01 08. 805. The uncertainty is at most one tenth of the synthesized beam. This is in perfect agreement with the position of the AGN found by Ma et al. (1998) using Very Long Baseline Interferometry (VLBI). We will keep this position as our reference for the AGN location. On 2014 July 7 the flux for the 350 GHz continuum was measured to be 8.0 ± 0.1 Jy. The 698 GHz continuum flux was found to be 7.7 ± 0.1 Jy on 2014 April 14.
CO(3-2) Emission
In Fig. 2 , we present the CO(3-2) spectrum integrated over detected regions in the inner 24 and excluding the center of the image where absorption lines are found towards the (unresolved) continuum emission in the velocity range from 540 to 620 km s −1 . The profile is relatively flat and shows two or probably three peaks, at about 480 km s −1 , 550 km s −1 and 650 km s −1 . High red and blue-shifted velocity components are also seen at V < 420 km s −1 and V > 680 km s −1 , which were not as clearly seen in previously obtained CO interferometric data due to a lack of angular resolution and sensitivity. In order to illustrate where missing flux is important, we also plot in Fig. 2 the 15 m James Clerk Maxwell Telescope (JCMT) CO(3-2) profile (Israel et al. 2014 ) for comparison.
Note that the ALMA CO(3-2) spectrum presented in Fig. 2 was obtained after correcting the CO(3-2) data by the different beam response of the JCMT (14 HPBW) in order to be able to compare.
The integrated flux measurement of the ALMA CO(3-2) line is 1102 ± 6 Jy km s −1 , with no primary beam correction, and 1552 ± 8 Jy km s −1 with primary beam correction. Error estimates correspond to the nominal value, but note that uncertainties are larger due to absolute flux uncertainties and filtered flux. Correcting by the different beam response of the JCMT we obtain 880 Jy km s −1 . This is to be compared with the flux of 1600 Jy km s −1 obtained directly from the JCMT CO(3-2) spectrum in Fig. 2 . The absorption line flux was estimated as 220 Jy km s −1 (Israel et al. 2014) . Therefore our map recovers ∼50% of the flux. From Fig. 2 we can see that we are missing emission preferentially around the systemic velocity. The extended emission that arises from the disk on large spatial scales is likely one of the most important contributors to the missing flux due to the lack of short-spacings.
Figs. 1b and 3 show the CO(3-2) integrated intensity map. The extent of the CND is represented by an ellipse with major and minor axes of 20 ×10 , or 360 pc × 180 pc in linear scale (without taking into account any projection effect), and a position angle of P A = 155
• . Note that there is emission beyond the primary beam of the central pointing at 345 GHz. Fig. 4 shows a simplified scheme that illustrates the main molecular components within the CND that are discussed in this Paper (see § 3.6).
In Fig. 5 , we show the CO(3-2) channel maps over the CND of Cen A. The map covers the inner 24 (432 pc) and a velocity interval from 315 to 790 km s −1 in 20 km s −1 bins. Note that no primary beam correction was performed in these maps. Fig. 6 shows the enclosed 12 area to highlight the different inner components within the CND. The CO(3-2) channel maps show blueshifted (∼315 -495 km s −1 ) emission on the SE and red-shifted (∼615 -790 km s −1 ) emission on the NW side. The Full Width at Zero Intensity (FWZI) is ∆V 475 ± 7 km s −1 .
The higher velocity components in the spectrum (see Fig. 2 There are multiple filaments within the previously discovered CND that are apparent in the maps we present in this Paper. The longest feature, extending more than 15 (or 270 pc) is located just at the eastern edge of the CND (see for example channel at V = 495 km s −1 in Fig. 5 ). Note that some filamentary structures may in part be caused by projection effects, especially in the channels from 495 km s −1 to 595 km s −1 (close to the systemic velocity), where emission from the CND and from gas expected to arise from larger galactocentric radii (r>1 kpc) might be projected along a similar line of sight. Multiple streamers on scales of tens to one hundred parsec scale also exist within the CND, which form a ring-like structure (nuclear ring) with a diameter of 9 × 6 (160 pc × 108 pc ), and a P A = 155
• . The nuclear ring can be discerned in the map showing the integrated emission (Fig. 3) , and in channels from 415 km s −1 to 675 km s −1 (Fig. 5) . Inside the ring there are two filaments elongated along a position angle PA=120
• and separated by 2 to the SE and NW from the AGN location. More details on the different components are provided in § 3.6. Fig. 7 presents the intensity-weighted velocity field (left panel) and the velocity dispersion maps (right). The receding side of the CND is to the NW and the approaching side to the SE. As discussed in Espada et al. (2009) there are multiple components along the line of sight and the velocity field should be taken with caution when it overlaps with projected emission arising from gas at larger radii. This is most important at the edges of the CND to the NW and SE. There are deviations with respect to a simple circularly rotating coplanar disk because the velocity field shows an S-shape distribution (see § 4). The velocity dispersion map shows that there is a large range of values within the CND, from a few km s −1 to tens of km s −1 . Note that in this plot we excluded the 6 channels at velocities < 60 km s −1 from the systemic velocity (i.e. 545 km s −1 ) to avoid contamination by the molecular gas component at r ≥ 1 kpc seen in projection. The velocity width of this component is much narrower (∼140 km s −1 ) than the CND in the field of view, so we are effectively removing most of its contribution. In general the molecular gas has low velocity dispersions of ∼ 5-10 km s −1 , but especially in the outermost parts of the CND to the NW and SE we see that the velocity dispersion increases, and there are velocity dispersions of up to 30-40 km s −1 . Other regions such as the nuclear filaments have larger velocity dispersions as well. The large velocity dispersions there become apparent in the Position-Velocity (P-V) diagrams, which are described next. P-V diagrams along several cuts are shown in Fig. 8. Figs. 8a , b and c show the P-V diagrams along P A = 60
• , 120
• , 150
• , respectively, all of them with widths of 6 . These P-V diagrams cross and are centered at the AGN position. From Fig. 8c we estimate that the CND velocity gradient is typically ∆V /∆r = 1.8 km s −1 pc −1 (or 32 km s −1 arcsec −1 ). At the edges of the CND, at about -8 and 8 from the center, we can see in the P-V diagrams along P A = 120
• and 150
• that there is a large radial velocity drop of ∼100 km s −1 towards more systemic values (see for example the enclosed region by red boxes in the 150
• P-V diagram) both in the NW and SE. This is to be compared with Espada et al. (2009) , where the velocity gradient in the CND (up to r 200 pc) was given as 1.2 km s −1 pc −1 , and 0.2 km s −1 pc −1 in the outer parts of the disk located at r > 400 pc and out to a few kiloparsec. This velocity gradient for the CND agrees well with that quoted in this Paper, although it is slightly lower mainly due to beam smearing in the previous SMA observations. Apparent in all P-V diagrams is that the nuclear filaments (within the inner r = 36 pc, or 2 ) inside the CND have an even steeper velocity gradient, which can be characterized by ∆V /∆r = 3.4 km s −1 pc −1 (or 62 km s −1 arcsec −1 ). See for example the enclosed regions by the (red) boxes in Fig. 8a and the (blue) box in Fig. 8c for reference. Fig. 9 (left panel) shows the P-V diagrams obtained from CO(3-2) data compared with the compilation performed by Espada et al. (2009) , including CO(2-1) data, Hα data (Nicholson et al. 1992) and single dish CO(3-2) data (Liszt 2001). In the inner region (r < 0. 2, see the right panel) one can distinguish the peculiar velocities of the two nuclear filaments, and in the outer regions (r ∼ 0. 14) the sudden drop in radial velocity of ∼100 km s −1 . Data points for both receding and approaching sides are shown in these plots and they show good agreement. Note that a rotation curve obtained from P-V diagrams has large uncertainties when non-circular motions are present (Sakamoto et al. 1999 ). Instead an average across different directions is closer to the right rotation curve. Therefore we confirm that the estimated rotation curve presented in Espada et al. (2009) is reasonably acceptable.
The decomposition of the CO(3-2) emission for different components mentioned in this section is further explained in § 3.6 and the main parameters are summarized in Table 2. 3.3. CO(6-5) Emission Fig. 2 shows the ALMA CO(6-5) spectrum integrated over the detected regions, where we have excluded (as for the CO(3-2) spectrum) the absorption line towards the central continuum emission. We also show the APEX (Atacama Pathfinder EXperiment) CO(6-5) profile from Israel et al. (2014) for comparison. Note that within this field of view we mostly probe the molecular gas located in the ring and nuclear filaments. We can distinguish more clearly than in the CO(3-2) spectrum a double peak structure. The high velocity components in the CO(3-2) spectrum found at V < 420 km s −1 and V > 680 km s −1 are not present in the CO(6-5) spectrum partly because these are located in the external components of the CND, which are attenuated because they are located outside the primary beam HPBW.
In order to estimate how affected the CO(6-5) map is by the missing zero spacing problem, we compare the fluxes with that of the single dish measurement. The total flux measurement of the ALMA CO(6-5) data is 521± 4 Jy km s −1 , with no primary beam correction. Again, the error estimates correspond to the nominal value without taking into account absolute flux uncertainties and filtered flux. We compare this directly with the flux obtained from observations from APEX since that antenna has a similar response as the individual ALMA 12m antennas. The flux was found to be 787 ± 187 Jy km s −1 (Israel et al. 2014 ). This indicates that ∼ 30% of the flux is missing within this field of view, and reflects the compact nature of the CO(6-5) emission. Note that although the APEX spectrum is good enough to provide an integrated flux, it is probably too noisy for a channel to channel comparison. The 30% is an upper limit because the flux peaks are essentially equivalent within the uncertainties, and the flux difference arises mostly from the velocity range 650 -750 km s −1 , which may indicate that the APEX pointing was slightly offset towards the NW.
In Fig. 10 we show the channel maps of the CO(6-5) emission line covering the inner 12 (same size as the CO(3-2) channel maps in Fig. 6 ) and the velocity interval from 315 to 795 km s −1 in 20 km s −1 bins. The blue-shifted emission starts in channel 425 km s −1 at the SE of the AGN and the redshifted side ends at 705 km s −1 to the NW. The morphology is very similar to that of the CO(3-2) maps in this field of view. The two nuclear filamentary structures are clearly visible, as well as other filaments connected to them to the N and S, and also, although weak (partly because they are close to the edge of the primary beam), some regions along the ring are detected.
Figs. 11 and 12 show the CO(6-5) integrated intensity, velocity field and velocity dispersion maps. Note that the resolution is slightly better (factor of three in area) in the CO(6-5) maps than in the CO(3-2) maps. Also the confusion caused by the multiple components seen in CO(3-2) is not present in the CO(6-5) maps, and we can discern more clearly the structure and kinematics of the CND within its inner 8 , and in particular the distribution of the nuclear filaments. Large velocity dispersions of ∼ 10 -20 km s −1 can be found in some parts of the nuclear filaments.
The filaments to both sides of the AGN are composed by several Giant Molecular Clouds (GMCs) that are resolved with our synthesized beam. The closest projected distance of these clouds to the AGN is 1 , or ∼ 20 pc. They form two nearly straight filaments which are also kinematically distinct, i.e. deviations of typically 50 km s −1 can be seen from the rotational velocity of the CND at a given radius. However, we confirm that both filaments are seen to be slightly asymmetric with respect to each other. First, the GMCs are brighter by a factor of two in the NW filament than in the SE filament. Also, as in the CO(3-2) maps, while the NW filament is perfectly aligned, the one in the SE is slightly curved in the lower contours at the distant SE end. These asymmetries between the two sides indicate that the molecular gas is not well-settled. CO(6-5) emission also exists to the E and W of the AGN and slightly farther from the AGN than the filaments, which connect the nuclear ring with the nuclear filaments. The eastern connecting point contains substantially more molecular gas than its western counterpart. The highest velocity dispersion regions are in the connecting points to the E and W of the AGN, and at the end of the filamentary structures as they approach the AGN.
The CO(6-5) P-V diagrams are displayed in Fig. 13: a) a P A = 115 o cut along the SE filament with a a length of 3. 5 and a width of 1. 6, b) a P A = 115 o cut along the NW filament with a length of 3. 7 and a width of 1. 9, and c) a P A = 115 o cut with a length of 9 and a width of 4 , containing this time both nuclear filaments as well as the connecting points to the E and W of the AGN. The area probed in Fig. 13c is essentially equivalent to that of the inner 9 of the CO(3-2) P-V diagram in Fig. 8c (P A = 120
• ), and basically they are in agreement.
Fig. 14 shows a zoom of the P-V diagram of CO(6-5) at P A = 115 o of the NW filament. Along this filament, and farther outside from the nucleus, there is a plateau in the P-V diagram of about 20 pc in length. As indicated in §. 3.2, closer to the nucleus the velocity gradient becomes steeper, ∆V /∆r = 3.4 km s −1 pc −1 . A similar plateau and velocity gradient is also seen in the SE nuclear filament. At the closest distance from the AGN (1. 2, or 22 pc) along the NW nuclear filament the P-V diagram may show a second plateau in velocity and there is a signature of an even steeper velocity gradient of ∆V /∆r 12 km s −1 pc −1 at about 0. 5 from it, from 570 km s −1 to 520 km s −1 .
CO(6-5)/CO(3-2) Line Ratios
The difference in the critical densities of the J=3-2 and 6-5 CO molecular transitions is more than two orders of magnitude (see § 1), and they are located at T = 33 and 166 K above the ground state, respectively. In this subsection, we calculate CO(6-5)/CO(3-2) line ratios to find out if there is any large gradient in the physical conditions of the molecular gas.
In order to reduce the effect of the different angular scales that are recovered by the CO(3-2) and CO(6-5) observations, we first performed imaging in these two datasets using CASA selecting visibilities for uv distances larger than 40 kλ in task CLEAN keyword uvrange, i.e. the minimum uv distance in the CO(6-5) observations. The resulting maximum recoverable scales of the two datasets are similar and equal to 3 (or 54 pc). We then obtained primary beam corrected maps and convolve the two images to the same resolution of 0. 3 (or 5 pc) with a Gaussian kernel using CASA task IMSMOOTH. Absolute flux calibration uncertainties are as explained in § 2.
CO(6-5) to CO(3-2) line ratios, R 65/32 , for regions where CO(6-5) and CO(3-2) moment 0 maps exceeded 3σ, are shown in Fig. 15 . R 65/32 spans from 0.2 to 1.4 using main brightness T mb units (or 0.9 to 5.9 using flux units), with a mean value of 0.9 (respective 3.5). Along the two inner filaments R 65/32 (i.e. NW and SE) there is a gradual increase towards the AGN by a factor of 2-3. It is closest to the nucleus where the largest values are found, where velocity dispersions were also substantially larger (i.e. close to 20 km s −1 ).
Although unresolved, the average R 65/32 over the whole CND can also be inferred from the analysis by Israel et al. (2014) . Obtaining integrated line intensities with Gaussian fits, and assuming the ratio normalized to a response of a 22 beam and corrections by absorption line loss, R 65/32 = 0.4 (or ∼ 1.85 in flux units). This is a factor of two lower than the average over all regions in our R 65/32 map. It is unlikely that the different factor found in interferometric and single dish experiments is due to flux loss effects. For further discussion, please refer to § 7. and from 415 to 615 km s −1 in 20 km s −1 bins, respectively. Due to limitations in the spectral setup, the HCN(4-3) line was only partially covered in our observations so the interval is cut beyond 615 km s −1 . Although the field of view for these two transitions is almost identical to that of CO(3-2), namely 16 , we did not detect any emission in the region outside 12 from the center. Similarly to the CO(6-5) transition, the blueshifted emission in these two dense gas tracers starts to the SE at the 435 km s −1 channel, and then continues to the redshifted side to the NW, ending by the 635 km s −1 channel. Essentially the HCO + (4-3) line is detected along the nuclear filaments. HCN(4-3) is detected or tentatively detected (above 3σ and in several channels) in just four regions and in all of them HCO + (4-3) is also detected. For a similar rms, σ = 1.34 mJy beam −1 , HCO + (4-3) emission is found to have a higher S/N than the HCN(4-3) line. Note that the data of these two lines were taken simultaneously in two different spectral windows and calibrated in an identical manner, so the difference in amplitude cannot be explained in principle by absolute flux calibration uncertainties.
The average HCN(4-3) to HCO + (4-3) intensity ratio in our maps is R HCN/HCO + 0. We fitted single Gaussian profiles to the detected HCN(4-3) and HCO + (4-3) lines, where the central velocity and width of the HCN(4-3) profile was fixed to that measured toward the brighter HCO + (4-3). The fit parameters are given in Table 3 . The ratios for the emission lines are R HCN/HCO + =0.37 ± 0.08 in position 1, R HCN/HCO + = 0.40 ± 0.1 in position 2, and R HCN/HCO + < 0.56 in position 3. For the absorption lines towards the AGN the ratio is R HCN/HCO + = 0.2 but note that it is likely material far from the center and just seen in projection (e.g. Espada et al. 2010) .
High R HCN/HCO + ratios are often claimed to distinguish AGN over starburst conditions (e.g. Kohno et al. 2001; Krips et al. 2008; Izumi et al. 2016) , but this does not hold for the nuclear regions of Cen A even though it is a well known AGN. This is further discussed in § 7.
Molecular Gas Components within the CND
Based on all the maps for the different transitions presented in §. 3, we enumerate next all the distinct and main molecular gas components that we can discern from large to small scales as we go closer to the center of Cen A. Fig. 4 shows a simplified scheme that illustrates these main molecular components and the definitions we use in this Paper. A summary of the properties of each component is provided in Table 2 and described next. 1) CND: The major and minor axes of the CND are confirmed to be 20 ×10 , or 360 pc × 180 pc in linear scale (without taking into account any projection effect). The position angle is P A = 155
• . This is well in agreement with the CND size and orientation provided by Espada et al. (2009) , considering the coarser angular resolution of 6 . The inclination of the disk was estimated to be i 70
• , but with our new values for the major and minor axes the inclination assuming a circular disk is slightly smaller, i 60
• . It is composed of multiple filamentary and clumpy structures, possibly arm-like features or streamers. In Fig. 4 we indicated as black lines most of the filaments that can be found within the CND as seen from our maps. The velocity width of the CND is ∆V 475 ± 7 km s −1 (FWZI), without correcting for inclination. With the orientation and the kinematics of the CND, the several 10-100 pc scale filamentary structures within the CND are likely trailing. In the external parts of this CND (r > 8 , or 144 pc, from the center) the molecular gas has large velocity widths of 10 km s −1 and up to 40 km s −1 . These regions correspond to the high velocity wings of the CO(3-2) spectra. A doublepeaked distribution is present both in CO(3-2) and CO(6-5) spectra, although it is clearer in the latter.
2) Nuclear ring: Deeper inside the CND there is a ring-like feature with a major and minor axis of 9 × 6 (162 pc × 108 pc ), and also at P A = 155
• , which is formed by multiple filaments or streamers leading to it. If the ring structure is coplanar and has a circular shape, then the inclination would be i 50
• . This ring-like structure has a velocity width of ∼ 260 km s −1 . This component is detected in CO(3-2) as well as partially in CO(6-5).
3) Nuclear filaments: There are two nearly parallel filamentary structures to the SE and NW of the AGN of about 2 in length (or ∼ 40 pc) contained within the nuclear ring-like structure, with P A 120
• , and with a rotational symmetry of 180
• around the AGN. These components are most prominent in CO(3-2), CO(6-5), and HCO + (4-3), and just partially detected in HCN(4-3 • 01 10. 882, and from V = 455 to 555 km s −1 . There is an increase in velocity of ∼50 km s −1 with respect to that of the CND overall. There is an asymmetry between these two filaments. The filament to the NW is a factor of two brighter than the component to the SE. Although both filamen-tary structures are symmetric with respect to the center of the galaxy, the SE nuclear filament is curved towards the N as it extends away from the AGN and connects it to the nuclear ring structure with 9 diameter. Despite the asymmetry, if we add all the flux from the component to the N and W of the AGN and to the S and E in the CO(6-5) map for example, we find that the total fluxes are quite equal: 186 Jy km s −1 versus 180 Jy km s −1 . There are well defined molecular clumps in these two structures. In the transitions reported in this paper one can see around 4-6 clumps on each side.
The connecting point between the SE nuclear filament and ring is the brightest in all probed transitions of all the components presented in this Paper, and has also a large velocity dispersion of ∼ 20 km s −1 . A similar connecting point, but with slightly slower dispersion and not as prominent as the previous one, can be found at the opposite side (i.e. to the W). These connecting points are also linked to additional filaments that are nearly perpendicular to the nuclear filaments and form part of the nuclear ring. 4) Nuclear disk: In § 1 we introduced the few tens of parsec scale sized nuclear disk, well inside the area covered by the nuclear filaments, which contains ionized and molecular gas that presumably is the fuel feeding the nuclear massive object. While ionized gas shows distributions elongated along the jet and is likely related to it, very warm (typically 1000 -2000 K) molecular hydrogen as traced by H 2 (J=1-0) S(1) (2.122 µm) using VLT/SINFONI in the inner 3 (∼50 pc) follows a rotating nuclear disk (Neumayer et al. 2007) , although the distribution shows that this disk might be quite irregular. Part of the gas in the nuclear H 2 disk may have been impacted by the jet ) and excited by shocks (Israel et al. 2017) . Fig. 19 shows the comparison of channel maps of the CO(6-5) and the H 2 lines. Although most of the warm and dense gas close to the nucleus (r < 20 pc) is not detected as traced by the transitions investigated in this Paper, we observe that the endings of the two nuclear filaments and a third weaker component approaching the nucleus from the E of the AGN (clearly seen in CO(3-2) and CO(6-5) lower contours in the channel maps) are counterparts of the molecular gas traced by the H 2 line within the nuclear disk. The CO filaments abruptly end in the probed transitions at ∼ 20 pc from the AGN, but the H 2 maps show that these continue in a warmer gas phase, probably shock excited, and then wind up in the form of nuclear spiral arms (see also Fig. 1b) . Although with sizes a factor of 10 larger, these filaments/arms are reminiscent of the Galactic Center, where molecular and ionized components (circumnuclear disk and mini spirals) are seen within the inner few pc of Sgr A* (e.g. Ekers et al. 1983; Lo & Claussen 1983; Zhao et al. 2009; Martín et al. 2012; Tsuboi et al. 2016) .
Overall these nuclear spiral features within the nuclear disk of Cen A create a distribution that remind us of another structure that resembles a ring-like feature, but this time at r = 0.5 (10 pc). Further inside this 10 pc ring-like feature, two additional 180
• rotationally symmetric regions are found along the N-S direction of about 10 pc in length and with even larger velocity dispersions (∼ 200 km s −1 from H 2 ) than anywhere else within the CND as probed in our CO maps.
Molecular Gas Mass
We calculate in this subsection the mass of the different molecular gas components found in our maps. We use a conversion factor between integrated CO intensity and H 2 column density X = N H2 /I CO = 4 × 10 20 cm −2 (K km s −1 ) −1 for the CND (Israel et al. 2014) , with an uncertainty of a factor of two. This value is a factor of 10 larger than that observed in other nuclear regions of galaxies (Maloney & Black 1988; Wilson 1995; Mauersberger et al. 1996; Weiß et al. 2001 ) and that previously used by Espada et al. (2009) to calculate the molecular gas mass of the CND. The masses derived here should be rescaled if a better factor for Cen A is obtained. We also use a line ratio between 12 CO(1-0) and (3-2) fluxes of 0.1 over the whole CND, again following Israel et al. (2014) .
The gas mass obtained from the CO(3-2) map is M gas 4.8 × 10 7 M . Flux loss was measured in § 3.2 to be ∼50%, so the final estimate is M gas 9×10 7 M . This is consistent with the measurement M gas 8 × 10 7 M inside a projected distance of r < 200 pc (12 ) in Espada et al. (2009) if we apply the X factor given by Israel et al. (2014) . This is also in agreement with the mass of the circumnuclear gas using single dish measurements for many CO transitions and an LVG analysis, which yielded M gas = 8.4 × 10 7 M , also assuming a 35% mass contribution by helium (Israel et al. 2014) . Table 2 exhibits the derived main parameters of the circumnuclear gas disk, nuclear ring, and nuclear filaments (NE and SW) in CO(3-2) and CO(6-5). These parameters include peak flux densities, velocity ranges, total CO(3-2) and CO(6-5) fluxes and the corresponding molecular gas masses by using the CO(3-2) fluxes. In the past a warped and thin disk model had been used to reproduce the observations both at a large scale (e.g. Quillen et al. 2006) as well as at a few parsec scale using the H 2 line (Neumayer et al. 2007 ). Neumayer et al. (2007) show by applying the Kinemetry analysis (Krajnović et al. 2006 ) on the velocity field map of the nuclear disk that it is characterized by a mean inclination angle of i = 45
• and a P A = 155
• assuming a warped disk model to describe its gas kinematics. Quillen et al. (2006) used the warped disk model to reproduce the morphology of the parallelogram feature seen in mid-IR (Spitzer), on top of previous studies. Quillen et al. (2010) compiled inclinations and position angles from the literature and identified that there might be (assuming that a warped disk model applies) three major changes of inclination and P A at about 1.3 kpc (1. 2), at about 600 pc (33 ), and a third kink at a radius of about 100 pc (5 ). The field of view and angular resolution in the ALMA observations fill the missing gap from tens of parsec to the r = 200 pc scale within the CND. The existence of the ring and the nuclear filaments are likely related to the third kink.
We also fitted the CO(3-2) velocity field using Kinemetry. The Kinemetry method performs harmonic expansion of 2D maps such as surface brightness, velocity or velocity dispersion, along the best fitting ellipses, in order to detect morphological and kinematic components. We use the fitting over the line of sight velocity distribution. If we assume circular orbits in a warped disk, then one can extract the inclination and position angle of each ring as a function of radius. We follow this approach to fulfill the following three aims: 1) identify general properties of the circumnuclear gas assuming a warped disk model is valid, 2) compare the results with previous fits using the same assumption but for other linear scales, and 3) quantify deviations from this assumption and identify regions that are significantly different.
Several kinematic parameter profiles as a function of radius were obtained from the CO(3-2) velocity field at a scale of 1. 2 (Fig. 20 and Table 4 ): a) the kinematic P A, or orientation of the maximum velocity, b) the inclination (assuming circular orbits) obtained from the axial ratio q (i.e. flattening of the ellipse, where q = cos(i)), c) k1, the amplitude of bulk motions (rotation curve), and d) k5/k1, the ratio between harmonics k1 and k5, where k5 is the higher-order term which is not fitted, and represents deviations from simple rotation and points to complex kinematical components. The plots show the trends in these parameters up to a radius of 10 .
A ring width of 1. 2 was used and the following trends are present in the results. Note that other widths were also used showing similar results. In the plots values smaller than 3 are uncertain due to a lack of CO(3-2) emission there and are not presented. Within the inner 5 the distribution and kinematics appear peculiar. Overall the mean kinematic P A is 145
• , with values close to 120
• up to 5 , likely due to the effect of the nuclear filaments. The kinematic P A is close but offset from the photometric P A of the disk, which was estimated to be 155
• . Since the kinematic P A and the photometric P A of the disk are different, it indicates that the distribution/kinematics are not axisymmetric. The inclination varies from 58
• to 46
• , assuming circular orbits. On average the inclination within the CND is 50 -60
• and agrees well with the inclination obtained for the CND and nuclear ring. k1 is very high at small radii because of the two nuclear filaments, but it is ∼ 100 km s −1 within most of the disk. Above 8 it decreases considerably and it cannot be considered to be representative of the rotation speed. This is because of the large velocity dispersion component at the edge of the CND, and probably also because of the extended molecular gas emission located at large radii (r > 1 kpc) and seen in projection. k5/k1 is very large (∼ 0.4) above 9 , partly due to multiple velocity components and the low values of k1 as a result of some contamination with extended emission. The average from 2 to 9 is very large in comparison with other studies on nearby galaxies (e.g. Barth et al. 2016) , where k5/k1 is typically 0.05. This indicates that there are large deviations from circular motion due to complex kinematics of the molecular gas and/or multiple components along the line of sight. Fig. 21 shows the inclinations and position angles as a function of radius compiled by Quillen et al. (2010) , using data from Quillen et al. (2006) , Neumayer et al. (2007) and Espada et al. (2009) as well as those presented in this Paper for comparison. The data presented here fills for the first time the gap between the several hundred to tens of parsec scale and the obtained position angles and inclinations seem to naturally follow previously published results. Finally, in Fig. 22 we plotted all ellipses fitted by Kinemetry from large to small scales. The panel on the left shows the fits for large scales, i.e. the inner 300 , while the one on the right shows the small scales, i.e. the inner 16 . The red ellipses in both panels correspond to the fits performed in this Paper using the CO(3-2) data, and in blue the fits obtained by Espada et al. (2009) and Neumayer et al. (2007) .
In summary, although we tried to fit the best warped disk model possible from kinematic information, deviations from simple rotation and complex kinematic components are apparent. Using this simple warped disk model it would not be possible to reproduce the distribution. Therefore we invoke non-circular motions as one of the main ingredients to explain the observed distribution and kinematics.
Non-Circular Motions
In § 3.6 we described the main molecular gas components that we could discern within the CND of Cen A. There are large deviations from axisymmetry in the distribution and kinematics and non-circular motions are needed to explain the observations. We favor the scenario where noncircular motions play a major role due to the existence of well aligned nuclear filaments and a nuclear ring.
Non-circular motions in the gas disk of Cen A had been invoked before, although at a larger scale. Espada et al. (2009) provided evidence that non-circular motions in the molecular gas may be present at least at kiloparsec scales. It was argued that the contribution of a weak non-axisymmetric potential (together with a warp as assumed in previous work) is able to reproduce the CO line distribution and kinematics. In particular it could well reproduce the curved emission resembling spiral arms at kiloparsec scales (Espada et al. 2012) , the formation of the CND, the connection of this CND to gas at larger radii and the lack of emission along the E-W direction in projection within the parallelogram filaments imaged in the mid-infrared (Quillen et al. 2006 ). The latter is interpreted as a gap of emission at 200 pc < r < 800 pc (Quillen et al. 2006) . A possible gap of CO emission in the inner r < 80 pc of the CND was suggested by Espada et al. (2009) and Espada (2013) , which we now identify as the area inside the nuclear ring. The lack of high angular resolution and high sensitivity observations had prevented the identification of the nuclear filaments until now.
Since the gas is dissipative (i.e. it will shock at orbit crossings), the kinematic effects on the molecular gas is important when a nonaxisymmetric potential is introduced and the resulting large non-radial hydrodynamical (pressure) forces can exert torques on the gas which alter its orbital motion. The gas flows down the shocks and "sprays" back out to large radii, then encountering another shock at the opposite region and repeating the pattern, which makes bars important agents for the gas in spiral galaxies to lose part of its angular momentum and form substantial gas concentrations in their central regions (e.g. Athanassoula 1992; Sakamoto et al. 1999) .
Additional mechanisms are invoked for driving gas past the inner Lindblad resonance to feed supermassive black holes that power AGN and nuclear SBs. Shlosman et al. (1989) and Shlosman et al. (1990) proposed the bars within bars model, in which a primary (mostly stellar) bar would lead gas to the center where it there would become unstable and form a gaseous bar, further depositing gas into a nuclear disk of tens of parsec scale. This inspired many theoretical and observational works. Friedli & Martinet (1993) showed that bars within bars can form in 3D self-consistent simulations with stars and gas. The gaseous component was shown to be essential for the decoupling of the nuclear bar. The large scale stellar bar can then be rapidly destroyed by the central mass concentration. Englmaier & Shlosman (2004) investigated the mechanism of formation and dynamical decoupling of bars within bars with gaseous nuclear bars encompassing the full size of the galactic disk and hosting a double inner Lindblad resonance. As these structures become massive and self-gravitating, the nuclear bars lose internal angular momentum to the primary bars, increase their strength, diminish the nuclear bar size and increase the nuclear bar pattern speed. The viscosity of the gas is an important parameter for the decoupling of nested bars.
Observationally, approximately one-third of barred galaxies host a secondary nuclear bar in addition to the primary large-scale stellar bar with pattern speeds exceeding those of the large-scale (primary) stellar bars (e.g. Pfenniger & Norman 1990; Friedli & Martinet 1993; Wozniak et al. 1995; Jungwiert et al. 1997; Erwin 2004, and references therein) . An increasing number of publications show streaming gas flows down to about tens of pc from the nucleus of galaxies as a result of (stellar) nested bars (e.g., Fathi et al. 2006 , Fathi et al. 2013 for NGC 1097, Schinnerer et al. 2006 for NGC 6946, Meier et al. 2008 and Meier & Turner 2012 for Maffei 2). A secondary bar in our Galaxy was reported by Alard (2001) , and simulations to illustrate the putative nested bars were presented by Namekata et al. (2009) . In the small inner bar models with sizes of 200 pc, straight shocks are formed within the inner bar, leading to a nuclear gas disk formed at the center with size of 15 pc and mass of ∼ 10 7 M . All of these cases are suggested to be caused by a nuclear stellar bar. Moreover, all nested bar observations and simulations so far have focused on spiral galaxies, but not on elliptical galaxies whose ISM is replenished by external gas.
The inner ring and nuclear filaments seen in Cen A with the help of the ALMA data and VLT/SINFONI data are likely due to non-circular motions. In this scenario these nuclear filaments are the loci of shocks. This is reasonable because of the peculiar observed distribution of the CO and H 2 nuclear filaments, i.e., they are nearly straight and are characterized by a 180
• rotational symmetry. This is further reinforced by the distinct kinematics of the nuclear filaments as revealed from the P-V diagrams. Fig. 8c) shows a clearly steeper slope in the P-V diagram in both nuclear filaments, and Fig. 8a ) (also Fig. 13 and Fig. 14 for CO(6-5) ) that the P-V curves of the nuclear filaments systematically avoid the location of the AGN and V sys , therefore these components are likely at forbidden velocities (Combes 1991) . Overall the distribution and kinematics are in agreement with existing simulations of gas under barred potentials causing non-circular motions (e.g. Wada et al. 1994; Namekata et al. 2009 ). As for the nuclear disk, there is further evidence that the H 2 and ionized line emission of the Cen A center is likely dominated by shocks (Israel et al. 2017 , and references therein). Based on H 2 line ratios, the warm molecular gas is likely excited by modest shock velocities 5-20 km s −1 (Ogle et al. 2010 ; Israel et al. 2017), which might be partly explained by non-circular motions.
Within the CND significant self-gravitation (M gas > 0.3 M dyn ) would be required to trigger a gaseous bar instability, but under these conditions, due to star forming gas, self gravity would decrease quickly and a very short life time of the gaseous bar would result (Friedli 1998) . In § 3.7 we estimated the molecular gas mass enclosed within the CND as M gas 9 × 10 7 M . The velocity dispersion can be assumed to be small with respect to the orbital velocity within the extent of the CND, and then the dynamical mass at a radius r is M dyn = V 2 r / G, where V is the rotation velocity and G is the gravitational constant. At r = 200 pc, and assuming an average velocity of 100 km s −1 and an inclination of the CND of 60
• , M dyn = 6 × 10 8 M . Therefore the M gas /M dyn 0.14, which indicates that the CND is currently not an entity dominated by self-gravitation. Although this structure may have been generated as a result of a spontaneous gaseous bar, it is currently not self-gravitating.
In the case of Cen A neither large scale nor nuclear bars have been reported. The task of identifying such structures is complicated due to the large extinction towards the dust lane along the minor axis of this elliptical galaxy. The stellar component of Cen A appears very round, but it is likely that it is intrinsically flattened. Wilkinson et al. (1986) and Hui et al. (1995) roughly along the direction of the major axis at P A kin 35
• (almost perpendicular to the dust lane) out to 100 from the nucleus (the N side is approaching and the S receding) (Wilkinson et al. 1986 ). Silge et al. (2005) found that the stellar rotation is slower, 20 km s −1 , at smaller radii of about 40 . The velocity dispersion is ∼135 km s −1 on both axes for most of the radius range from 2 to 4 (Silge et al. 2005) .
There is also an S-shape twist in the (stellar and planetary nebulae) kinematics (Hui et al. 1995; Peng et al. 2004 ). Rotation at smaller scales of tens of parsec is actually P A kin 165
• , similar to that of the CND (i.e. ∼ 155
• ), but the nuclear stellar rotation is counter-rotating relative to the gas (Cappellari et al. 2009 ).
Counter-rotation between stars and gas might be an important aspect to explain the distribution and kinematics. The gas that was likely accreted from an H I-rich dwarf companion galaxy was probably not rotationally supported and then it went into orbits at a smaller distance from the center in a few orbital time scales (Morganti 2010) . From the obtained circular velocities within the CND, V c ∼ 200 km s −1 . Therefore at the nuclear ring (r = 4. 5, or 80 pc), the characteristic orbital period is T ∼ 1 Myr. The very short orbital period in the central regions suggests that although the gas should have already reached an equilibrium configuration, there are apparent asymmetries probably as a result of gas having recently reached the central region or being misaligned with respect to the gravitational potential. In the external regions further out the characteristic orbital period is larger, being ∼ 2 × 10 7 yr at a radius of 1 kpc. Numerical simulations of the evolution of counterrotating gaseous disks in disk galaxies is such that there is a transitory (∼ 500 Myr) main m = 1 dynamical instability mode consisting of one-arm spirals which would be on the leading side with respect to the most massive disk, then transform into a more stationary phase with a composite of m = 1 and m = 2 features trailing and forming a ring (e.g. García-Burillo et al. 2000) .
Another piece of information is that the nuclear filaments (i.e. loci of shocks) are straight, and parallel to each other, although curved at large radii. From the inclination of the CND, the loci of shocks would be on the leading side of the putative nuclear bar if any. From the morphology of the loci of shocks one can infer the properties of the nonaxisymmetric potential (e.g. Athanassoula 1992 ). Strong bars tend to have straight loci of shocks, while ovals or weak bars should have more curved shapes. Therefore we can infer that somehow the gravitational potential would likely resemble that of a strong stellar bar.
Detailed hydrodynamical simulations would be needed to try to reproduce the molecular gas properties under such a complex stellar configuration and are beyond the scope of this Paper. No matter what the origin is, the existence of the nuclear ring and shock loci leads to m = 2 instabilities, which may play a major role in feeding AGNs of powerful radio sources.
Geometry of the CND and Orientation of the Jet
In this section we revisit the question of whether the CND is perpendicular to the jet, which is expected if there is a physical connection between the two. The relativistic jet is at a P A 51
• and pointing towards us (e.g. Tingay et al. 1998) , which is nearly perpendicular, at least in projection, to the CND, P A 155
• .
Here, we derived an inclination for the CND and nuclear ring of i 60
• (near side is to the S) and i 50
• , respectively (see § 3.6). These measurements are improvements over the inclination of 70
• provided by Espada et al. (2009) . The CND extent is 20 , while that of the nuclear ring is half of that, so within 80 < r < 200 pc it seems likely that the gas is nearly coplanar.
The inclinations are compatible with smaller scale (< 54 pc) estimates by Neumayer et al. (2007) using VLT/SINFONI molecular hydrogen line data. The inclinations of the tilted rings in their warped disk model range from i = 38
• at 2 pc to i = 59
• at r > 34 pc. However, given that non-circular motions might be playing a major role as in the field of view probed by our ALMA observations (see § 4), it is not clear how justified it is to model the molecular kinematics just using a pure warped disk model. In that case, maybe the average inclination of all the concentric rings, i = 45
• , would be a better estimate for the inclination of the nuclear disk. Finally, at an even smaller scale of 7 -15 mas (0.13 -0.25 pc) and at 12.5µm, Burtscher et al. (2010) , using the MID-infrared Interferometric instrument (MIDI) at the Very Large Telescope Interferometer (VLTI), provided an orientation of dust emission with a position angle (PA) of ∼10
• , and an inclination of ∼63
• , which overall does not seem compatible with the other measurements and may reflect more chaotic distribution at these small scales.
As for the jet, various estimates of its orientation have been published so far. Tingay et al. (1998) , using VLBI observations, found a range for the axis of the nuclear jet with respect to the line of sight of θ 50
• -80
• . Other estimates in the literature typically range from θ = 60
• to 70 four et al. 1979; Graham 1979; Skibo et al. 1994; Jones et al. 1996) . These are in agreement with the inclinations that we find for the CND. VLBI observations by Müller et al. (2014) recently constrained the angle to the line of sight using the jet-to-counterjet brightness ratio, in combination with proper motions, to θ ∼ 12
• -45
• . A value close to ∼50
• would satisfy most constraints for the nuclear jet, and in that case the jet would be perpendicular to the circumnuclear and nuclear disks. The larger scale (hundred parsec) radio jet using VLA seems to be compatible with smaller angles (∼15
• ), contrasting with the pc-scale jet (Hardcastle et al. 2003) .
Nuclear radio jets are seen to align well with the rotation axis of megamaser disks, even though the subparsec-scale accretion disks do not align with the kiloparsec-scale galactic disks (e.g. Greene et al. 2013) . Possible causes for these misalignments are, among others, radiation pressure (e.g. Pringle 1997), and accretion events (e.g. Hopkins & Quataert 2010) . Therefore a similar misalignment could also be present in Cen A, i.e. a warp of few tens of degrees. In such a case Nixon et al. (2012) find that disk misalignments boost accretion rate and angular momentum is dissipated in the interface where the two disks meet.
Comparison with Numerical Simulations of the multi-phase ISM around SMBHs
In this section, we compare the properties of the molecular gas in Cen A derived from our observations with recent numerical simulations studying feedback and the onset of thick tori in the center of disk galaxies. Numerical simulations have shown that the (energy-driven) jet feedback may create a cavity mostly devoid of dense gas in the nuclear region which quenches star formation, although the final distribution of dense gas depends on the initial configuration (e.g. Wagner et al. 2013) . While negative feedback is most effective if clouds are tenuous and distributed spherically, positive feedback is most effective if clouds are in a disk-like configuration.
The jet of Cen A is very well collimated, with an opening angle of less than 12
• on scales of 0.3 pc (Müller et al. 2011) . There is no clear evidence in our maps of positive feedback such as gas compressed by the jet or negative feedback, where outflows may take gas away from the nuclear region (e.g. Fabian 2012; King & Pounds 2015; Matsushita et al. 2007 Matsushita et al. , 2015 . In the CO maps we could not discern any large velocity component that would resemble an outflowing component. However, the outflow might be more extended and recovering the whole flux in the maps could be important. Recently, Israel et al. (2017) reported the signature of an outflow in this target as seen in [C I] and CO(4-3) using the single dish telescope APEX, as well as [C II] , [N II] and [N III] using Herschel/PACS, although angular resolution is limited. Probably some of the most direct evidence of interaction between jet and surrounding gas is given by the fact that other ionized tracers are distributed almost along the direction of the jet (Brγ, [Fe II] (24.3 µm) ) (e.g. Neumayer et al. 2007; Quillen et al. 2008) . However, from arguments related to the geometry and kinematics, Neumayer et al. (2007) noted that ionized emission such as [Si VI] must indicate an inflow rather than outflow, and it is interpreted as backflow of gas along the side of the jet's cocoon. Also, although farther apart, Salomé et al. (2016) and Morganti et al. (2016) reported the detection of molecular gas 15 kpc NE from Cen A's centre (i.e. in the region of the outer filament), where there is an ongoing interaction between the radio jet and gas clouds.
Three-dimensional radiative hydrodynamical models of the circumnuclear gas in galaxies predict that a clumpy torus-like structure is naturally pro-duced on scales of tens of parsec around an SMBH, due to radiative pressure from the AGN resulting in vertical circulation of gas (or fountains) (Wada 2012) , supernova-driven turbulence (Wada et al. 2002 (Wada et al. , 2009 Schartmann et al. 2009 ), as well as due to dynamical arguments related to galactic inflows (Hopkins et al. 2012) . As a result of the energy feedback from SNe and AGN the circumnuclear disks possess a: i) highly inhomogeneous internal density and temperature structure, ii) filamentary structures such as nuclear spiral arms, and iii) a large scale height in the outer regions at galactocentric radii of a few tens of parsec, resembling the shape of a torus and being characterized by large internal turbulent motion. Wada et al. (2016) modelled the multi-phase properties of the ISM around a SMBH of ∼ 10 6 M including the effect of AGN, SNe, and XDR conditions. While the molecular hydrogen co-exists at high (T > 1000 K) and cold (T < 100 K) temperatures, the dense and cold molecular ISM is expected to be distributed preferentially close to the equatorial plane.
Our observations agree in general with these numerical simulations. Our maps cover the central 400 pc down to 10 pc scale. We observe a cold disk with filamentary and clumpy structure at scales of tens to hundreds of parsec. Several long filamentary structures are seen, and the general distribution is quite irregular and inhomogeneous. The velocity dispersion is larger at the edges of the CND, where multiple regions have velocity widths of 20 km s −1 up to 40 km s −1 .
A measure of the molecular gas disk scale height can be estimated from the rotational velocity at a given radius, ranging roughly from 170 km s −1 in the center of the disk to ∼100 km s −1 at its edges (see Fig. 20) , and the velocity dispersion, which ranges from 10 to 40 km s −1 also from the center to its edges. We assume hydrostatic equilibrium of the molecular gas disk, an axisymmetric potential, and follow h = R q σ / V (Eq. 3.1 of Quillen et al. 1992 ), where V is velocity at radius R, h is the scale height and q is the axis ratio of the potential which is assumed to be q ∼ 1. If R = 100 -200 pc, σ = 10 -40 km s −1 (although the larger velocity dispersion limit could be due to non-circular motions), and V 200 km s −1 , then h = 5 -40 pc from the inner to the outer radius. This increase in molecular gas scale height is not as large as in the scenario proposed by Wada et al. (2009) and Wada (2012) , although it is unclear what the scale height should be for the different phases of the ISM for an object like Cen A, and in particular for the cold molecular gas.
There are other differences with respect to these numerical simulations. First, although filamentary and clumpy structures are present in the simulations, the loci of shocks and a ring structure are not well reproduced, which may reflect that a nonaxisymmetric potential (i.e. m = 2 mode instability) would be needed in those simulations. Second, in the inner 20 pc simulations predict a relatively cold and thin molecular disk to be formed, but such molecular gas component is not found as traced by CO(3-2) or CO(6-5) to our sensitivity limit. A warm (T∼1000 K) molecular disk is instead present in the inner tens of parsec.
7. Physical and chemical properties of the molecular gas around the Cen A nucleus
CO Line Ratios
Analysis of single dish data for many CO transitions has shown that the CND of Cen A has an emission ladder of CO transitions quite different from those of either starburst galaxies or (Seyfert) AGNs (Israel et al. 2014) .
While the average over the 20 CND is R 65/32 0.4 using T mb units (or 1.85 in flux units) (Israel et al. 2014 ), CO(6-5) to CO(3-2) line ratios in the inner half of the CND, as obtained from our ALMA data (Fig. 15) , are characterized by a larger average value, R 65/32 = 0.9 (or 3.5 in flux units). Nearby star-forming galaxies, mostly classified as LIRGs, exhibit these high R 65/32 ratios globally, and even higher values are found in powerful radio-galaxies such as 3C 293 (Papadopoulos et al. 2010) .
The values that we find in the CND of Cen A are similar to those in the Seyfert 2 galaxy NGC 1068 at similar spatial scales. García-Burillo et al. (2014) show that the average R 65/32 ratio in the CND of NGC 1068 is ∼0.8, with values ranging from ∼0.7 to 2.0 (using T mb units) close to the AGN. Aalto et al. (2017) also finds an average of 1.2 (also using T mb units) in the nuclear regions of the lenticular galaxy NGC 1377, which is probably hosting a radio-quiet, obscured AGN (Costagliola et al. 2016 ).
In § 3.4, we showed that there is a gradient of the CO(6-5) to CO(3-2) flux density ratios, R 65/32 , along the nuclear filaments. There is gradual increase towards the AGN by a factor of 2-3, reaching the highest values closest to the nucleus (i.e. ∼ 20 pc), where maxima of R 65/32 1.3 using T mb units (or 5 if flux units) are found. These high values should imply high density (>10 4 cm −3 ) and high kinematic temperatures (T kin > 100 K), similar to the centers of other galaxies observed on similar spatial scales (Matsushita et al. 1998 (Matsushita et al. , 2004 Hsieh et al. 2008; Izumi et al. 2013; García-Burillo et al. 2014; Aalto et al. 2017) . Mechanical heating from shocks as well as illumination from X-ray and UV photons might be playing a role in the formation of such a gradient.
The higher ratio in the area probed by our ALMA observations with respect to the average in the CND suggests that CO emission will be more luminous with increasing transition preferentially towards the central regions.
A Lack of CO/HCO
+ /HCN Emission in the Inner 30 pc?
An interesting difference in contrast with other galaxies also observed with matching spatial scales of ∼5 pc is that there is not much molecular emission as traced by CO transitions in the center of Cen A. For example, NGC 1068 hosts in its center a nuclear torus (García-Burillo et al. 2016; Gallimore et al. 2016 ), while NGC 1377 shows a hot compact core dominated by gas along the jet (Aalto et al. 2017) , which is extremely radio-quiet in contrast to the one in Cen A. A question that remains open is whether this difference reflects different steps in the evolutionary sequence or just simply different scenarios and morphologies.
A caveat in the Cen A data is that towards the AGN we may find absorption lines. However, the continuum source is unresolved, so at least we would have expected to find emission from 10 to 30 pc if the molecular distribution were centrally concentrated. The lack of detected emission is likely due to a large gradient in temperature and differences in the chemical properties of the ISM caused by the energetics from the AGN, because there exists molecular gas traced by H 2 (Neumayer et al. 2007 , see also § 1 and 3.6). In this very nuclear region the molecules probed in this Paper may have been mostly dissociated and ionized.
A consequence of this is that the molecular transitions such as those probed in this Paper may not be good tracers of the molecular gas that obscures the AGN under the special conditions in the nuclear regions of objects like Cen A, and that using H 2 lines probing warmer gas might be more appropriate. This interpretation is in agreement with Hicks et al. (2009) , who argued that the molecular gas as traced by the H 2 line provides sufficient obscuring column densities toward a sample of local AGNs.
HCN/HCO
+ Line Ratios
The dense gas tracers HCN and HCO + are detected in emission in the J = 4-3 transitions towards several positions in the imaged region as well as in absorption towards the nucleus. Here we discuss the low HCN/HCO + line ratios that are systematically found in the inner circumnuclear regions of Cen A, as mentioned in § 3.5.
For years, the HCN/HCO + ratio, R HCN/HCO + , was found observationally to be > 1 in the presence of an AGN and was claimed to be enhanced due to X-ray irradiation (e.g. Kohno et al. 2001; Krips et al. 2008) . Theoretically, however, HCN and HCO + are generally of the same order in PDRs, but in XDRs HCN is not as bright as HCO + lines under the majority of conditions (Meijerink & Spaans 2005) . Three-dimensional radiative transfer simulations of HCN to HCO + line diagnostics in AGN molecular tori by Yamada et al. (2007) also show that under a wide range of molecular abundances R HCN/HCO + 1. Recently the favored scenario for the enhancement of HCN around AGNs in observational data is high temperature chemistry likely due to mechanical heating (Harada et al. 2010; Izumi et al. 2013; Matsushita et al. 2015) . The increasing number of sources detected in these species seem to show in average an enhancement of the HCN/HCO + ratio in the presence of an AGN (Privon et al. 2015; Izumi et al. 2016; Imanishi et al. 2016) . However, the scatter is large among the ratios observed in both galaxies hosting AGNs and starbursts (Privon et al. 2015) , which makes it necessary to study individual cases at high resolution to understand the origin of such dispersion. In addition, recent high resolution observations with ALMA have shown that this enhancement may occur in the surroundings and not towards the AGN itself (García-Burillo et al. 2014; Martín et al. 2015; Izumi et al. 2016) .
In the regions where these dense tracers are detected in Cen A, all R HCN/HCO + ratios lie well below those of the AGN dominated galaxies (Imanishi et al. 2016 ) and within the range found for starburst galaxies ). Given our low R HCN/HCO + ratios we can discard that conditions as in other AGN dominated galaxies apply in the circumnuclear environments of Cen A. Given the shocked regions identified in this Paper, possible interaction with the jet, and the elliptical nature of Cen A, one may expect that in these regions mechanical heating is also important, and thus that high temperatures chemistry also apply producing high HCN to HCO + ratios.
A possible explanation is that in Cen A XDR conditions dominate over mechanical heating. The bolometric luminosity of the nuclear source of Cen A is estimated to be 2×10 43 erg s −1 , half of it at high energies (Israel 1998) . Detailed high angular resolution observations were obtained with Chandra, revealing nuclear emission, a jet, and more extended emission (Kraft et al. 2002) . The 2 -10 keV unabsorbed luminosity of the nucleus of Cen A is estimated to be as high as ∼ 5 × 10 41 ergs s −1 from Chandra and XMM-Newton, after correcting for the pile-up problem and adding extended emission (Evans et al. 2004) . Fürst et al. (2016) use NuSTAR and XMM-Newton data and calculated an unabsorbed 3 -50 keV luminosity of 3.4 × 10 42 erg s −1 . The source is not resolved (the point-spread function of NuSTAR has a halfpower diameter of 60 ), but it can be argued that the jet is mainly visible in the soft X-rays and most of the high energy radiation is coming from the nucleus itself. At even higher energies, in the 3 -1000 keV range, the luminosity is L X = 2.0 × 10 43 erg s −1 as seen by INTEGRAL (Beckmann et al. 2011) . However, the X-ray luminosity of Cen A is in between other low luminosity AGNs such as NGC 1097 (e.g. Nemmen et al. 2006; Izumi et al. 2013) , and NGC 7469, and in these two cases the obtained R HCN/HCO + ratios towards their nuclei are > 1 (Izumi et al. 2015) . Cosmic-ray ionization rates might be higher in Cen A producing even further an over-density of HCO + over HCN. Examples of low ratios can be found in M 82 and NGC 1614, where enhanced cosmic-ray ionization rate due to frequent SNe would increase the abundance of HCO + even in a dense molecular cloud (e.g. Bayet et al. 2011; Meijerink et al. 2011; Aladro et al. 2013) . However, it is likely that the number of SNe in Cen A is not that high. In the case of Cen A, the AGN itself may contribute (Aharonian et al. 2009 ). Another possible contribution to the low ratios is that HCN(4-3) is more sub-thermally excited than HCO + (4-3) because of the difference in critical densities ( § 1). Also, as Cen A may have acquired the gas through an HI-rich dwarf galaxy, maybe the gas is less processed (i.e. it shows a lack of products of mostly secondary elements like N) and HCN would be underabundant with respect to HCO + .
Another variable to take into account is time. The HCN/HCO + abundance ratio is seen to be highly time-dependent (Harada et al. 2013; García-Burillo et al. 2014) , in the sense that although HCN might be overabundant in early times after the onset of chemical reactions, of the order of 10 4−5 yr (t cross , the shock crossing time), in steady state this might not be true. The age of AGN activity in Cen A is considerably longer than that time scale, of the order of 10 7−8 yr (e.g. Morganti 2010 , and references therein), so no overabundance of HCN would be expected then.
Summary and conclusions
We have observed the molecular gas as traced by the CO(3-2), HCO + (4-3), HCN(4-3), and CO(6-5) lines in the circumnuclear disk (CND) of the nearby elliptical and powerful radio galaxy Cen A. The angular resolution achieved using ALMA is ∼5 pc (0.3 ). Our main findings are summarized as follows:
• The CND's (unprojected) extent is 400 pc × 200 pc along P A = 155
• and is composed of multiple filamentary structures or streamers, which form a nuclear ring-like structure with an unprojected diameter of 9 × 6 (162 pc × 108 pc), and with a similar P A as that of the CND as a whole. The kinematic P A along the CND is slightly offset from 155
• ranging from 110
• to 150
• Inside the nuclear ring-like feature, there are two nearly parallel filamentary structures with lengths of about 2-3 (or 36 -54 pc) at a P A = 120 o , and with a rotational sym-metry of 180
• with respect to each other and centered at the AGN. Although we confirm that CO emission is not bright in the inner ∼ 80 pc inside the nuclear ring as previously suggested (Espada et al. 2009 ), we reveal for the first time that inside there are nuclear filamentary structures. The line widths along these filamentary structures are as high as ∼ 100 km s −1 , and are ∼ 50 km s −1 larger than those within the CND. We interpret that these nuclear filaments are shock regions caused by non-circular motions because of their distribution and distinct kinematics as revealed by the P-V diagrams.
• The velocity field within the CND presents an S-shape feature, indicative of non-circular motions and/or a warp in the disk. The CND, with a gradient of velocity from 315 km s −1 to 795 km s −1 , can be separated using P-V diagrams into three well differentiated parts: 1) At -8 and 8 there is a large velocity dispersion component of ∼100 km s −1 , 2) ∆v/∆r = 1.8 km s
in the inner parts of the CND, and 3) the nuclear filaments have a distinct velocity gradient, even steeper, with ∆v/∆r = 3.4 km s −1 pc −1 .
• Large velocity dispersions as high as 40 km s −1
are found towards the edges of the CND. If circular motions dominate at these radii and for hydrostatic equilibrium conditions, this can be interpreted as larger scale heights (up to ∼ 40 pc) as a function of radius. This increase of scale height is probably not as large as predicted by numerical simulations of the multi-phase ISM of CNDs perturbed by SNe and AGN activities.
• Low HCN/HCO + (4-3) ratios (< 0.5) are found towards several molecular clumps located at few tens of parsec from the AGN, unlike in the nuclear regions of other low luminosity AGN galaxies, where high temperature chemistry due to mechanical heating is invoked.
• CO emission connects to the even warmer molecular gas probed using the H 2 (J=1-0) S(1) transition line within the inner 50 pc (Neumayer et al. 2007 ). The gas winds up in the form of two or three main nuclear spirals as traced by the H 2 line. There is no substantial emission in the molecular transitions probed by us (i.e. CO(3-2), CO(6-5), HCN and HCO + (4-3)) within the inner 20 pc away from the AGN. A large gradient of excitation conditions must be present because molecular hydrogen emission in that region is prominent (Neumayer et al. 2007 ). Within r 10 pc H 2 emission forms an inner ring structure and again another pair of filaments of ∼10 pc length, with a rotational symmetry of 180
• , along the N-S direction, and with even larger velocity dispersions (∼200 km s −1 ) than anywhere else within the CND as probed in our CO maps, which may also indicate shocks at even smaller scales.
• The overall molecular gas distribution and kinematics is interpreted as produced primarily by non-circular motions, similar to those in a bars within bars scenario, being the successive shocked regions at different scales where loss of angular momentum occurs most efficiently. Although the disk might be warped, we argue that it is not the dominating factor. This study reveals observationally that non-circular motions and successive shocks are important mechanisms at play in feeding powerful radio galaxies down to parsec scales.
This paper makes use of the following ALMA data: ADS/JAO.ALMA#2012.1.00225.S. ALMA is a partnership of ESO (representing its member states), NSF (USA) and NINS (Japan), together with NRC (Canada), NSC and ASIAA (Taiwan), and KASI (Republic of Korea), in cooperation with the Republic of Chile. The Joint ALMA Observatory is operated by ESO, AUI/NRAO and NAOJ. We thank V. Impellizzeri and T. Wiklind for fruitful discussions. Espada et al. 2009 ). The (white) rectangle encompasses the molecular gas in the circumnuclear disk (CND, r < 200 pc) in the form of a disk/torus just perpendicular to the X-ray/radio jet (red, Chandra/ACIS-I, Kraft et al. 2002) , and represents the area covered by the CO(3-2) observations as shown in panel b. A more extended molecular gas component in form of spiral arms (Espada et al. 2012 ) is seen to be coextensive with a parallelogram structure previously observed in dust emission along P A = 120
• (blue, 8 µm Spitzer/IRAC, Quillen et al. 2006) . b) Composite image of the CND of Cen A including the ALMA CO(3-2) (green) and CO(6-5) (blue) integrated intensity maps, as presented in this Paper, as well as VLT/SINFONI H 2 (1-0) S(1) integrated intensity map (red, Neumayer et al. 2007 ). The ALMA CO(3-2) and CO(6-5) maps cover a field of view of 24 and 12 , and have a resolution of ∼0. 3 (or 5 pc) resolution. The distribution of molecular hydrogen as traced by the H 2 line is mostly contained within a field of view of 3 (54 pc). The cross sign in the center of the image shows the AGN position at RA = 13 h 25 m 27. s 615 ; Dec = -43 o 01 08. 805 (Ma et al. 1998) . Fig. 2 .-CO(3-2) and CO(6-5) spectra. The y-axis is in Jy, from -0.1 to 10 Jy and -0.2 to 3.0 Jy. The x-axis shows radio LSR velocity in units of km s −1 from 200 to 900 km s −1 . Note that these two spectra include Cen A emission from detected regions in the data cubes (see Figs. 5 and 10 for CO(3-2) and CO(6-5), respectively) and exclude the spatially unresolved region exhibiting absorption at the center of the galaxy. The dashed lines show JCMT CO(3-2) and APEX CO(6-5) spectra from Israel et al. (2014) for comparison. is indicated by an ellipse in the lower left corner of the plot, and the colour scale is shown beside the plot, also in Jy beam −1 km s −1 units. The cross in the center of the image shows the position of the AGN, the (grey) dotted line the primary beam at 345 GHz (HPBW = 16. 9), the two (black) ellipses the CND and the nuclear ring, with semimajor axes of 10 × 5 and 4. 5 × 3 , respectively, and both with a P A = 155
• . The two lines outside the CND correspond to gas at larger radii seen in projection associated to the spiral arms and parallelogram features aligned along P A = 120
• and at velocities close to the systemic velocity. The two parallel lines inside the inner ring correspond to two nuclear filaments (loci of shocks) with lengths of 4 (NW of the AGN) and 3 (SE of the AGN), with P A = 110
• and with an offset between them of 2 . o , with a length of 20 and a width of 6 , and c) P A = 150 o , with a length of 22 and a width of 6 . Plot d) shows the P-V diagrams along these cuts over the moment 0 map for reference. The white arrows show the direction for each P-V diagram. In plot a) the red boxes indicate the nuclear filaments. In plot c) the blue box highlights the nuclear ring and filaments, and the red box the edges of the CND. The black arrow symbols indicate the AGN position. o along the NW filament with a length of 3. 7 and a width of 1. 9, c) P A = 115 o , containing the previous two filaments, with a length of 9 and a width of 4 . Panel d) shows the location of the cuts of the P-V diagrams over the moment 0 CO(6-5) map for reference. The (white) arrow symbol indicates the direction used in the P-V diagrams. Figs. 16 and 17) . The y-axis of the spectra are shown in units of Jy/beam from -0.008 to 0.02, except for the spectra towards the nucleus which range from -0.2 to 0.008, and the x-axis from 200 to 780 km s −1 . Gaussian fits to the profiles are also shown, and line parameters are displayed in Table 3 . Note.-a) Peak flux densities are derived from the primary beam corrected maps. Two values are given, the first referring to CO(3-2) and the second to CO(6-5). b) and c) The total fluxes for CO(3-2) and CO(6-5). Numbers in parenthesis indicate primary beam corrected values. d) The gas mass Mgas is calculated using the CO(3-2) flux. We adopt a galactic CO-to-H 2 conversion factor X = 4 × 10 20 cm −2 (K km s −1 ) −1 for the circumnuclear gas (Israel et al. 2014) . The molecular gas mass, Mgas, is calculated as M 0.1 following the fluxes normalized to a half power beam size of 22 and decomposed between CND and extended component (Israel et al. 2014) , and a factor of 1.36 to account for elements other than hydrogen (Cox 2000) . e) Values for the nuclear ring contain CO(3-2) and CO(6-5) emission in the inner 8. 5. Note.-a) the radial range considered, b) the kinematic PA, b) q the axial ratio or flattening of the ellipse, c) k1 the amplitude of bulk velocities, and d) k5/k1 the ratio between harmonics k1 and k5, where k5 represents deviations from simple rotation.
